Abstract Cardiovascular risk factors in men, such as cigarette smoking, hypercholesterolemia, and hypertension, also increase risk in women, but the relative susceptibility to risk factors between the sexes is not established. Our aim was to investigate a wide range of possible etiologic factors in a single population study and identify those that were more strongly related to peripheral atherosclerosis in men or women. We studied personal factors (age and social class), lifestyle factors (smoking, exercise, alcohol intake, and dietary nutrients), and intermediary factors (obesity, diabetes, serum lipids, coagulation, and rheological factors). In the Edinburgh Artery Study in 1988 we measured cardiovascular risk factors in a random population sample of 1592 men and women aged 55 to 74 years. The ankle-brachial pressure index (ABPI), which is inversely related to the degree of peripheral atherosclerosis, was assessed in each subject. Lifetime cigarette smoking was correlated with a lower ABPI equally in men and women (r=-.27, P<.001). Dietary nutrients and alcohol intake were M en have higher rates of morbidity and mortality due to coronary heart disease than do women, although this differential diminishes with age.
bility of hormone-mediated sex differences in the relative risks of atherosclerosis. 10 ' 11 The aim of this study was to determine differences between men and women in the associations of several etiologic factors with peripheral atherosclerosis.
Methods
This study is part of the Edinburgh Artery Study, which is a survey of 1592 men and women aged 55 to 74 years who were selected from the age-sex registers of 10 general practices with catchment populations that were spread geographically and socioeconomically throughout the city. The sample was selected randomly within sex-specific 5-year age groups to produce equal numbers in each group and an adequate sample size with which to conduct a future cohort study. Subjects attended a university clinic to complete a questionnaire and have a comprehensive medical examination. The response rate was 65%, and follow-up of a sample of nonresponders did not show any substantial bias in age, sex, smoking status, or disease status. Details of the study population, recruitment, and prevalence of peripheral arterial disease have been described. 12 The questionnaire included validated questions on social class, 13 intermittent claudication (World Health Organization questionnaire), 14 smoking history, physical activity, 15 frequency of food consumption, 16 and alcohol intake. 17 During the clinical examination conducted by two pairs of specially trained nurses, 20 mL fasting blood was taken initially, and the subjects consumed 75 g glucose in the form of 335 mL Solripe Gluctoza Health Drink (Strathmore Mineral Water Co). A second blood glucose specimen was taken 2 hours after the oral glucose load. Standing height (without shoes) was measured to the nearest 5 mm using a freestanding metal ruler on a heavy base. Weight without shoes and outer clothing was measured to the nearest 100 g on digital scales (Soehnle).
Supine blood pressure was taken after a 10-minute rest, and then ankle systolic pressures were measured with a Doppler probe (Sonicaid) and random-zero sphygmomanometer.
In the laboratory, biochemical tests for serum total cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides, thiocyanate, -y-glutamyl transpeptidase, uric acid, and plasma glucose were performed on a Cobas Bio analyzer (Roche Products) and with standard kits. Quality control was monitored by means of blind duplicate samples that were taken intermittently throughout the study. Laboratory standardization was carried out by using commercially available standards (Wellcome scheme), and quality was assessed by examining systematic and random error against two control materials (Precipath [universal bovine serum, Boehringer Mannheim] and pooled donated sera). The laboratory is standardized against the World Health Organization Regional Lipid Reference Laboratory, Prague, Czech Republic. Fibrinogen was measured in citrated plasma by a thrombin-clotting turbidimetric method in a centrifugal analyzer. 18 Blood and plasma viscosities were measured from a blood sample that was anticoagulated with dry K 2 -EDTA (1.5 mg/mL) at high shear rates (>300 s" 1 ) in a Coulter-Harkness viscometer at 37°C. 19 Hematocrit was measured with a Hawksley microcentrifuge and reader.
Data were analyzed on the Edinburgh University mainframe computer using SPSS-X 20 and BMDP 21 software packages. The ankJe-brachial pressure index (ABPI) for each leg was calculated as the ratio of the ankle systolic pressure to the right brachial systolic pressure. The lower ABPI value of the two legs was used in the analysis because disease often occurs unilaterally. The minimum of two measurements induced slight negative skewness due to random variations between readings for each leg, but this deviation was not serious enough to justify data transformation. The association with cigarette smoking was modeled using the number of pack-years (years of smoking times the average number of packs smoked per day). The distribution was highly skewed because there were a few very heavy smokers, and the square root of pack-years was used to reduce the influence of these few individuals. Similarly, the square root of the number of units of alcohol consumed in the previous week was used to indicate current drinking levels. Smoking and alcohol histories were considered sufficiently valid, because stated consumption was related to mean thiocyanate and y-glutamyl transpeptidase levels, respectively.
Dietary energy and nutrient intakes for individuals were estimated by multiplying the nutrient content of a typical portion size of the specified food item in the questionnaire 16 by the frequency of consumption and summing over all food items. Subjects had also been asked to assess the number of 20-minute periods during which they had taken part in various activities in the summer and winter during the last year and during the age range of 35 to 45 years. 15 Physical activities were categorized into three broad classifications of light, moderate, and strenuous. Subjects were rated according to the maximum level of activity recorded. Only activity at the age of 35 to 45 years was included in the analysis because disease status had affected current activity levels.
Triglyceride distribution was positively skewed, so logarithmic transformation was used in the analysis. Results of the oral glucose tolerance test were categorized as diabetic according to World Health Organization criteria. 22 Blood pressure was excluded from analysis because ABPI is a pressure measurement and is related to blood pressure, so interpretation of an observed association would be difficult.
The prevalence or mean levels of risk factors were compared between men and women and the significance of differences was assessed by / test for continuous risk factors and x 2 test for categorical risk factors. Suitable transformations were used in the ; test for those factors with skewed distributions. Pearson or Spearman rank correlations between each factor and ABPI were estimated, and a Z test, based on Fisher's Z transformation of the correlation coefficient, was used to determine the significance of differences in correlations between men and women. Finally, multiple regressions of lifestyle factors and intermediary factors on ABPI in men and women were carried out separately, and / tests of the differences in regression coefficients between the sexes were performed. These would be equivalent to tests of sex by risk factor interactions in a regression model with the sexes combined. Multiple regressions were carried out both for a specified increment in each factor and for a 1 SD change; the associations and levels of significance were similar, and thus, only the former is reported.
Results
The 1592 subjects aged 55 to 74 years in the Edinburgh Artery Study comprised 809 men and 783 women. ABPI was normally distributed and had a slightly negative skew in both men and women. Mean ABPI was slightly higher in men (mean±SE, 1.06±0.01) compared with women (1.01+0.01), with interquartile ranges of 0.99 to 1.17 and 0.93 to 1.11, respectively. Intermittent claudication was present in 4.6% of men and women, and angina occurred in 22.1% of men and 21.7% of women. The prevalence of angina decreased across the full range of ABPI, from 35% in the bottom quintile to 10% in the top quintile of ABPI in men and from 31% to 15%, respectively, in women. Table 1 shows the differences in personal, lifestyle, and intermediary factors between men and women in the study sample. Men had greater lifetime cigarette smoking; consumed more alcohol; and had lower dietary intakes of vegetable fiber, vitamin C, and linoleic acid than women. Men reported taking more moderate and strenuous exercise at age 35 to 45 years than did women (66% versus 40%). Mean serum concentrations of triglycerides were higher in men, while non-HDL cholesterol (ie, total minus HDL) and HDL cholesterol levels were lower. Comparison of coagulation and rheological factors showed that men had lower mean plasma fibrinogen levels and higher hematocrit, blood viscosity, and serum uric acid concentrations.
Univariate correlations between each of the personal, lifestyle, and intermediary factors and ABPI are shown in Table 2 . Some factors, such as lifetime cigarette smoking, were correlated with ABPI in men and women, with little difference in the strength or statistical significance of the correlation. The similarity of this association in men and women is illustrated by the parallel slopes of ABPI in relation to smoking in Fig 1. On the other hand, significant differences occurred between men and women in the strength of the correlations of other factors with ABPI. A lower ABPI was related to lower social class in men but not in women. In men a stronger positive correlation with ABPI was found for exercise, and stronger negative correlations for plasma fibrinogen and for blood and plasma viscosities. Fig 2 demonstrates , for example, a steeper slope in the relationship between fibrinogen and ABPI in men compared with that in women. Between the top and bottom quintiles of fibrinogen, the difference in ABPI was 0.14 in men and 0.06 in women.
In separate multiple regressions for men and women of all lifestyle factors (smoking, alcohol, dietary nutrients, and exercise) on ABPI, exercise (strenuous and moderate) was the only factor that showed a significant sex difference (P<.05) in the strength of an independent association with ABPI, being stronger in men (Table 3) . Alcohol intake was significantly associated 
Discussion
Most cardiovascular surveys have included only men because of their higher mortality and morbidity compared with those for women. Research on sex differences in the etiology of coronary and peripheral atherosclerosis is thus limited. In the Edinburgh Artery Study we had the opportunity to examine a wide range of possible etiologic factors and compare the relationships in men and women with ABPI. ABPI appears to be a valid measure of peripheral atherosclerosis in populations because decreasing ABPI levels across the full range of values in the population are related to other markers of atherosclerosis, such as angina, and to established cardiovascular risk factors. 23 ' 24 Also, in certain subsamples of the general population, ABPI has been related to the severity of disease detected on duplex scanning. 25 The repeatability of ABPI is adequate for epidemiological purposes, 26 and although mean ABPI in our study was slightly higher in men than women, partly due to differences in height, 12 the distribution within the sexes was sufficiently similar to permit comparisons of associations with etiologic factors. An advantage of using ABPI as an indicator of peripheral atherosclerosis is that the test is reasonably objective and is a measure of both symptomatic and asymptomatic disease. Thus, a spurious association between a lifestyle factor and disease, resulting from symptoms that cause a change in lifestyle, is less likely to occur.
In assessing the relative importance of cardiovascular risk factors in men and women, several approaches can be undertaken. First, the prevalence and distribution can be simply compared between the sexes; second, the strength of an association between risk factors and disease, as measured in the form of correlation coefficients, regression coefficients, or relative risks, can be compared; and third, population-attributable risks, in which comparisons between the sexes take account of the different prevalence and distribution of risk factors in the population, can be estimated. In this article, we have concentrated on the second approach, which mainly emphasizes the biological importance of risk factors in relation to disease. To investigate etiology in a comprehensible manner, we conducted most analyses separately for lifestyle and intermediary factors.
The main finding of the study was that among the many possible etiologic factors investigated, blood viscosity and plasma fibrinogen showed the largest independent difference between the sexes in association with ABPI. Blood viscosity showed the stronger sex difference in association with peripheral atherosclerosis: one possible explanation is that blood viscosity interacts with arterial geometry and blood velocity to produce higher shear stresses on the arterial wall. Men have higher mean blood velocity in the brachial artery than do women and hence a higher mean calculated wall shear rate. Calculated mean wall shear stress (the product of mean wall shear rate and high-shear blood viscosity) is therefore higher in men. 2728 Hence, increases in blood viscosity, eg, those associated with cigarette smoking, blood pressure, and serum cholesterol, 29 may have a greater effect on arterial wall shear stress in men and preferentially predispose them to atherogenic processes such as infiltration of fibrinogen and lipoproteins or incorporation of mural thrombi.
In men plasma fibrinogen remained negatively related to ABPI after adjustment for cigarette smoking, but in women the association was nonsignificant. Comparable results were found in the Framingham Study 9 : on multivariate analysis after adjusting for other cardiovascular risk factors, fibrinogen remained a significant predictor of cardiovascular disease in men (/ > <.005) but was only marginally so in women (P=.O6). Likewise in the Scottish Heart Health Study, stronger associations were found in men between plasma fibrinogen levels, angina, and previous myocardial infarction. 30 These sex differences may have been influenced by the mix of premenopausal and postmenopausal women because menopause may cause a rise in fibrinogen levels. 31 This would, however, have had little effect in the Edinburgh Artery Study because most of the women aged 55 to 74 years were postmenopausal (=95% of women reach menopause by 55 years of age 32 ).
Men could be more susceptible than women to increases in plasma fibrinogen levels because of higher arterial wall shear stress, which may promote endothelial damage and hence infiltration of fibrinogen into the arterial wall. 33 Alternatively, the Northwick Park Heart Study found that men had a significantly steeper gradient than women of increased platelet aggregability with increasing plasma fibrinogen. 34 Fibrinogen directly mediates platelet aggregation by bridging between platelet membrane gh/coprotein receptors. In a previous analysis of the Edinburgh Artery Study population, 33 we found that a relatively small increase in fibrinogen concentration (+0.1 g/L) was associated with an increased risk of claudication (odds ratio within the 95% confidence interval, 1.67 [1.05, 2.65]; P<.05). However, despite numerous cross-sectional and longitudinal surveys that have shown an association between plasma fibrinogen levels and cardiovascular disease, the possibility exists that elevated fibrinogen levels may be a consequence rather than a cause of disease; the direction of the association will not be apparent until completion of fibrinogen-lowering trials.
Serum lipids correlated univariately with ABPI in both men and women, but on multivariate analysis (Table 4) serum HDL cholesterol was associated with ABPI in men but not in women; non-HDL cholesterol also had a slightly stronger association in men, but the light. This could lead to sex differences in the association of exercise with disease. Several longitudinal studies have shown that physical exercise reduces future risk of coronary heart disease in men. 39 In women low physical activity has been related to an increased risk of myocardial infarction in Israel, 40 Gothenburg, 41 and eastern Finland, 42 but in the Framingham Study during 14 years of follow-up, physical activity in men was related inversely to coronary mortality while the relation in women was negligible. 43 Most epidemiological studies investigating sex differences in coronary heart disease have attempted to explain the differences in incidence and mortality according to variations in the distribution of risk factors in men and women. In the Framingham 44 and Gothenburg 7 studies, controlling for sex differentials in established cardiovascular risk factors including smoking, blood pressure, and serum cholesterol had little effect on sex differences in disease incidence. However, in the Rancho Bernardo study in California, 5 the relative risk of 4.8 of death from coronary heart disease for men compared with women fell to 2.4 after adjusting for cardiovascular risk factors. Much of the population sex difference in atherosclerotic disease remains unexplained. The findings from our study suggest that blood viscosity and plasma fibrinogen may affect the risks of developing atherosclerosis differently in men and women, more so than for other risk factors, and could contribute to sex differentials in the population incidence of disease. We are investigating this possibility in the cohort phase of the Edinburgh Artery Study.
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Financial support for this study was received from the British Heart Foundation. We are grateful for the collaboration of the following general practices: Bruntsfield Health Centre, Crewe Road Medical Centre, Dr A.N.M. Hewitt and partners, Dr P.G. White and partners, Edinburgh University Department of General Practice, Ladywell Medical Centre, Dr J.G. Ledingham and partners, Muirhouse Medical Group, Dr I.R.F. Ross and partners, Sighthill Medical Centre, and Edinburgh University Study Health Service. We thank the research staff, M. Apps, E. Cawood, J. Dunbar, P. Farquhar, difference between the sexes was nonsignificant. In the Renfrew and Paisley Study, the risk of coronary heart disease mortality in relation to serum cholesterol was slightly higher in women, 4 whereas in another population in the United Kingdom aged 65 to 74 years the risk gradient for coronary events and death according to quintiles of serum cholesterol was found to be steeper in men than women. 35 In the Framingham Study, on the other hand, no risk differences were found for either low-density lipoprotein or HDL cholesterol, but elevated serum triglyceride was more strongly related to the incidence of coronary heart disease in women than in men. 2 The evidence is thus conflicting on sex differences in terms of the relative importance of serum lipids and may be partly related to variation between studies in the presence of other risk factors.
Cigarette smoking is an important risk factor for peripheral arterial disease, more so than for coronary heart disease, 23 ' 36 and our results indicate that differences in lifetime cigarette use are equally important in men and women. The risks are comparable despite considerable differences in cigarette use between men and women, because a consistent dose-response relationship exists between smoking and arterial disease. Alcohol consumption was correlated with a higher ABPI and was therefore potentially protective in men but not in women, although the difference between the sexes was not statistically significant on univariate or multivariate analysis. In fact, the relationship between alcohol and disease in men could be spurious because the association with ABPI, which is predominantly related to wine consumption, diminishes after adjusting for cigarette smoking and disappears after adjusting for social class (Jepson et al, unpublished observations).
The lifestyle factor that showed the only substantial difference between the sexes in its relation with ABPI was leisure exercise at age 35 to 45 years. This was potentially more protective in men. Although recall of previous levels of physical activity has been shown to be reasonably valid in both sexes, 38 some differences could occur between men and women in recall bias and in categorization of activities as strenuous, moderate, or
